The present study was carried out to investigate the effect of dietary inclusion of dried garlic and thyme on productive performance, carcass traits and some blood parameters of growing Japanese quail. Two experiments were conducted simultaneously. In each experiment, three hundreds, two-week-old, unsexed Japanese quail were randomly divided into five experimental groups, each with three equal replications. Ten experimental diets were formulated to contain graded levels of dried garlic (0.0, 1.0, 2.0, 3.0 and 4.0%) or dried thyme (0.0, 0.5, 1.0, 1.5 and 2.0%) and used in experiments 1 and 2, respectively. All quail were fed their respective experimental diets and managed similarly from 2 to 6 weeks of age. Growth performance of Japanese quail were evaluated as feed intake (FI), live body weight (LBW), body weight gain (BWG), feed conversion ratio (FCR) and economic efficiency of production (EEP). At 6 weeks of age, some carcass traits and certain blood plasma parameters of quail were also estimated. The results obtained could be summarized as follows: In experiment 1, quail fed the garlic-containing diets attained significantly heavier final LBW and better FCR; but FI and carcass traits were not affected, compared with their control counterparts. Feeding the garlic-containing diets up to 2.0% positively affected EEP compared with the control group. In addition, feeding the garlic-containing diets led to significant reductions in blood plasma levels of glucose, triglycerides, total cholesterol and low density lipoprotein-cholesterol (LDL-C), and activity of aspartate aminotransferase (AST) while level of high density lipoproteincholesterol (HDL-C) was significantly increased; but activity of alanine aminotransferase was not affected, compared with the control group. Quail fed diets containing 2.0 and 3.0% dried garlic showed significantly higher levels of plasma total protein and albumin compared with those of the control birds. In experiment 2, quail fed thyme-containing diets gave superior means of final LBW, FCR and in EEP (up to 1.5% of DT), but FI and carcass traits were not affected compared with their control group. Blood plasma levels of glucose, triglycerides, total cholesterol and LDL-C, and activity of AST were significantly decreased, while levels of total protein, albumin and HDL-C were increased but activity of alanine aminotransferase was not affected, due to feeding the thyme-containing diets compared with the control group. In conclusion, taking the economical aspect into account, the obtained results indicate that dietary supplementation with dried garlic (up to 2%) and dried thyme (up to 1.5%) can exert a beneficial effect on the performance of Japanese quail under the conditions of the present study.
INTRODUCTION
Poultry diets are regularly fortified with pharmacological products, either as preventives or as growth promoters, primarily for young chicks (Doyle, 2001) . Several non-pharmacological products such as prebiotics, probiotics, organic acids, essential oils and herbal plants are also used as natural growth promoters, alternatives to antibiotics (Griggs and Jacob, 2005) . The medicinal properties of garlic and thyme, as herbal plants, are well known (Rana et al., 2011; Khan et al., 2012) .
It is generally known that garlic (Allium sativum L.) has antimicrobial, antioxidative and antihypertensive properties (Sivam, 2001) . Some reports presented an evidence that dietary garlic can lower serum and liver cholesterol (Qureshi et al., 1983) and inhibit bacterial growth (Amagase, 2006) . According to the recent literature, dietary garlic has positive effects on growth performance of different classes of poultry (Tollba and Hassan, 2003; El-Mallah et al., 2005; Khalil et al., 2007; Stanacev et al., 2011) . There is a wide range in the inclusion level of different preparations of garlic in poultry diets, depending upon processing method (chopping, crushing, dehydration or extraction), garlic form (fresh garlic, paste or powder), garlic oil or extract and duration and target of study. In this context, dietary inclusion of garlic reached 6% for broiler chicks (Al-Homidan, 2005) ), 4% for growing Japanese quail (Khalil et al., 2007) , 10% for laying hens (Chowdhury et al., 2002) and 4% for laying Japanese quail (Canogullari et al., 2010) .
In view of importance of using some herbal plants in poultry nutrition, thyme (Thymus vulgaris L.) has been identified as an effective candidate in this respect. It has been established that the primary constituents of thyme oil (thymol and carvacrol) are closely related to its antioxidation, antibacterial and antifungal properties (El-Ghousein and Al-Beitawi, 2009; Toghyani et al. (2010) . The incorporation of thyme in poultry diets is also variable according to its composition (i.e. whole plant, thyme leaves, flowers, seeds or their extract), processing technique and duration of study (Khan et al., 2012) . The inclusion level of thyme, as phytogenic feed additive for poultry, was reported to be 0.1% (as thyme flowers) for growing Japanese quail (Zeweil, 2003) , 0.2% (as thyme leaves) for broiler chicks (Ocak et al., 2008) , 0.5% (as thyme powder) for broiler chicks (Toghyani et al., 2010) , 0.3 or 0.6% (as thyme extract) for broiler chicks (Amouzmehr et al., 2012) , 2% (as thyme leaves) for broiler chicks (Dahal and Farran, 2011) and 2% (dried crushed thyme) for broiler chickens (El-Ghousein and Al-Beitawi, 2009 ). In this regard, Ocak et al. (2008) reported that when broiler chicks were fed 0.2% thyme from 7 to 35 days of age, they had better body weight gain compared to their control group, although feed intake, feed efficiency and carcass quality did not differ. Similar response was observed by Toghyani et al. (2010) , who found that thyme powder (5.0 g/kg) increased weight gain in broiler chicks. In addition, El-Ghousein and Al-Beitawi (2009) reported beneficial effects of dietary thyme on growth performance and carcass yield of broiler chickens. Recently, Mansoub (2011) found that 1.0 g/kg of thyme fed to broilers resulted in improved body weight gain and feed efficiency.
Therefore, the purpose of the present study was to investigate the effect of dietary inclusion of dried garlic and thyme on productive performance, carcass characteristics and some blood parameters of growing Japanese quail.
MATERIALS AND METHODS
The present experiment was carried out at a private farm during the period from November to December, 2011. The objective of the present study was to investigate the effect of dietary inclusion of dried garlic or thyme on growth performance, carcass characteristics and some blood parameters of Japanese quail. Six hundreds unsexed 2-week-old Japanese quail were divided into two halves and used in two experiments, conducted simultaneously. In each experiment, three hundreds unsexed Japanese quail were randomly distributed into five dietary treatments, with three replicate groups of 20 birds each. Five experimental diets were formulated to contain graded levels of dried garlic (0.0, 1.0, 2.0, 3.0 and 4.0%) and used in experiment 1. Other five experimental diets were formulated to contain graded levels of dried thyme (0.0, 0.5, 1.0, 1.5 and 2.0%) and used in experiment 2. Nutrient composition of garlic powder used in the present study was 93.43% DM, 3.28% EE, 17.55% CP, 0.73% CF, 3.31% ash and 75.13% NFE (dry matter basis), as reported by Bhowmik et al. (2008) . Thyme nutrient composition, used in the present study, was 81.50% DM, 7.76% EE, 9.20% CP, 33.43% CF, 18.03% ash and 28.25% NFE (dry matter basis), as reported by Jugifi (2009).Composition and chemical analysis of the experimental diets are presented in Table 1 . Birds of each replicate group were kept in battery cages (with the following dimensions: 33.5 cm width, 80 cm depth and 25 cm height) and fed their respective experimental diets from 2 to 6 weeks of age. Feed and water were provided on ad libitum basis. The birds were subjected to 16 hours light daily and managed similarly. In both experiments, growth performance of quail were evaluated in terms of live body weight (LBW), body weight gain (BWG), feed intake (FI), feed conversion ratio (FCR) and economic efficiency of production. Live body weights of quail were recorded at the beginning of each experiment and on a weekly basis thereafter. Weekly records on FI and BWG of quail were also maintained on a replicate group basis. Accordingly, FCR was calculated as the amount of feed consumed per unit of BWG. Economic efficiency of production (EEP) was calculated as net revenue times 100 divided by total costs of quail production. Net revenue was estimated as total revenue minus total costs of production. Purchasing price of two-week-old quail chicks was 0.6 L.E. and sale price of one kg final live body weight of quail was 18 L.E. Cost per kg of the experimental diets was given in Table 1 .
At the end of the experimental period (6 weeks of age), a slaughter test (18 birds per treatment) was performed to evaluate carcass characteristics of quail, as measured by carcass yield (i.e. eviscerated carcass), edible organs (i.e. liver, heart and gizzard) and dressing-out percentage (i.e. total edible parts), relative to live body weight of quail at slaughter. During slaughtering, blood samples were collected from nine birds per treatment in heparinized tubes. They were immediately centrifuged for 15 min at 4000 r.p.m to obtain blood plasma. The obtained plasma samples were frozen at ─20ºC until later analysis. Blood plasma concentrations of glucose, total protein, albumin, triglycerides, total cholesterol and high density lipoprotein-cholesterol (HDL-C), as well as activity of transaminases [alanine aminotransferase (ALT) and aspartate aminotransferase (AST)] were determined by commercial kits. The levels of blood plasma glucose (Trinder, 1969) , total cholesterol (Allain et al., 1974) , total protein (Doumas et al., 1981) , albumin (Doumas et al., 1971 ) and triglycerides (Fossati and Prencipe, 1982) were determined. Activities of ALT and AST in blood plasma were also estimated according to the methods of Reitman and Frankel (1957) . Blood plasma level of HDL-C was also determined according to the method of Sawle et al. (2002) . The level of LDL-C in blood plasma was estimated by the equation adopted by Friedewald et al. (1972) , as follows: LDL-C = Total Cholesterol -(HDL-C + VLDL); where VLDL are very low-density lipoprotein which was calculated as concentration of plasma triglycerides divided by 5.
A completely randomized design was used in this study. Data were statistically analyzed (SPSS, 1996) by one-way analysis of variance. The significant differences among means of different variables in both experiments were separated by Duncan's multiple range test (Duncan, 1955) . 
RESULTS AND DISCUSSION
Growth performance of quail:
The effects of dietary dried garlic and thyme on growth performance of quail are presented in Table 2 . No significant differences (P>0.05) were observed in initial body weights of quail among the different dietary treatments in both experiments. Quail fed the garlic-containing diets exhibited significantly better (P≤0.01) final LBW, BWG and FCR but FI was not affected (P>0.05), compared with their control counterparts. The best means of LBW, BWG and FCR were achieved by birds fed the 2.0% dried garlic (DG) as compared to the other dietary treatments. Feeding the DG-containing diets up to 2.0% positively (P≤0.01) affected EEP, but when DG reached 3 or 4% DGdiets means of EEP were comparable to that of the control, with no significant differences among them. Since feed intake of quail, investigated herein, was not affected (P>0.05) by feeding the DG-containing diets, the observed growth-promoting effect of garlic in this study could be related to its role in inhibiting the growth of pathogenic bacteria (Sivam, 2001) and/or its positive effect on gut morphology, leading to enhanced rates of nutrient absorption through the enterocytes (Adibmoradi et al., 2006; Oladele et al., 2012) . On the other hand, quail fed the diets containing dried thyme (DT) had positive effects on LBW, BWG, FCR and EEP compared with their control group. Significantly better (P≤0.05) means of LBW, BWG, FCR and EEP were attained by birds fed the 1.5 % DT as compared to their control counterparts. The positive effect of feeding the DT-containing diets on growth performance of quail, reported herein, might be related to thyme antibacterial action, as suggested by El-Ghousein and Al-Beitawi (2009) or to its stimulating effect on the nutrient digestibility of the experimental diets (Langhout, 2000; Hernandez et al., 2004; Khan et al., 2012) . Part of the improvement in FCR of quail fed the DT-containing diets might be related to superior BWG and/or improved nutrient digestibility since their feed intakes were not affected. : Denotes to initial live body weight, final live body weight, body weight gain, feed intake, feed conversion ratio and economic efficiency of production, respectively. ¶ : Standard error of the means. NS: Not significant; *: Significant at P≤0.05; **: Significant at P≤0.01.
As regards the response of growing Japanese quail to dietary garlic, the present results agree with those obtained by Khalil et al. (2007) , who fed Japanese quail on garlic-containing diets and observed better means of LBW, BWG, and FCR of birds as compared to the control ones. In harmony also with the present findings, El-Mallah et al. (2005) observed superior growth performance (as assessed by LBW, BWG and FCR) of Broad Breasted Bronze turkey males fed garlic-containing diet from 12 to 24 weeks of age compared with the control group. Recently, Oladele et al. (2012) found that dietary supplementation with garlic improved BWG and FCR of broiler chickens. More recently, Elagib et al. (2013) investigated the effects of incorporating garlic powder on growth performance of broiler chicks. They found that dietary garlic significantly improved LBW, BWG and efficiency of feed utilization of broilers. However, a lack of positive effect of dietary garlic on growth performance of broiler chicks was reported by other investigators (Sarica et al., 2005; Choi et al., 2010; Raeesi et al., 2010) .
Concerning the response of growing Japanese quail to dietary thyme, the current results harmonize with the results reported by Zeweil (2003), who observed an improvement in BWG and FCR of growing Japanese quail due to feeding thyme flowers-containing diet. Also, Ocak et al. (2008) found improved BWG of broiler chicks due to feeding thyme from 7 to 35 days of age compared to their control group. Similar response was observed by Toghyani et al. (2010) , who found that dietary thyme powder increased BWG of broiler chicks. In addition, El-Ghousein and Al-Beitawi (2009) obtained beneficial effects of dietary thyme on growth performance of broiler chickens. On the contrary, some investigators failed to find positive effects of thyme on growth performance of broiler chickens (e.g. Hernandez et al., 2004; Demir et al., 2008; Dahal and Farran, 2011) . Absence of any effect of thyme on growth performance of birds may be related to diet composition and environmental conditions of the experiment (Lee et al., 2003) , and may depend also on other factors such as dose of added thyme, its composition (i.e. thyme whole plant, leaves, flowers or their extract), extraction method (processing technique), duration of study and/or avian factors like bird type, age and gender (Khan et al., 2012) .
Carcass traits of quail:
The effects of dietary dried garlic and thyme on carcass traits of 6week-old Japanese quail are given in Table 3 . There were no significant differences (P>0.05) among dietary treatments in carcass traits of quail, measured in the present study in both experiments, including relative weights of carcass yield, total giblets, individual edible organs (i.e. liver, heart and gizzard) or dressing-out percentage.
In accordance with the present results, Khalil et al. (2007) indicated that carcass characteristics of quail were not affected by feeding garlic-containing diets. Working with broiler chicks, Mahmood et al. (2009) found that dietary garlic (0.5%) did not significantly affect dressing percentage or relative weight of giblets. Similar findings were also obtained by Ocak et al. (2008) , who observed no effect of feeding thyme leaves on carcase weight, carcase yield or the relative weights of the edible organs of broiler chicks. In harmony also with the present findings, Dahal and Farran, (2011) found no effect of feeding thyme-containing diet on carcass traits of broiler chicks. The present results are also in agreement with those obtained by Amouzmehr et al. (2012) , who demonstrated that carcass characteristics of broiler chicks (including carcass yield, breast, thigh and abdominal fat) were not affected by feeding diets containing thyme or garlic extract. In addition, Elagib et al. (2013) found that dietary garlic had no significant effect on carcass characteristics of broiler chicks.
Conversely, some authors provided evidence that feeding thymecontaining diets exerted positive effects on carcass traits of broiler chicks (e.g. Abdel-Latif et al., 2002; El-Ghousein and Al-Beitawi, 2009 ). Also, Raeesi et al. (2010) reported that feeding garlic-supplemented diets to broiler chicks led to better carcass characteristics compared with those of the control group. 
Blood parameters of quail:
The effects of dietary dried garlic and thyme on blood parameters of 6week-old Japanese quail are given in Table 4 . The obtained results indicated that quail fed diets containing 2.0 and 3.0% dried garlic showed significantly higher (P≤0.01) levels of plasma total protein and albumin compared with those of the control counterparts. But birds fed 1.0 and 4.0% DG in their diets exhibited no significant differences (P>0.05) in levels of plasma total protein or albumin as compared to the control group. Blood plasma levels of glucose, triglycerides, total cholesterol and LDL-C, and activity of AST of growing Japanese quail were significantly decreased (P≤0.01) whereas level of HDL-C was significantly increased (P≤0.01), but activity of ALT was not affected (P>0.05) due to feeding the diets containing DG compared with their control counterparts. On the other hand, the above results (Table 4 ) indicated also that quail fed thyme-containing diets showed significantly higher (P≤0.01) levels of plasma total protein, albumin and HDL-C compared with those of the control birds. However, blood plasma levels of glucose, triglycerides, total cholesterol and LDL-C, and activity of AST were significantly decreased (P≤0.01) but activity of ALT was not affected (P>0.05) due to feeding the thyme-containing diets compared with the control group.
In fact, the mechanism by which garlic preparations reduce blood plasma lipids in human and animals is not completely confirmed yet. But, it is generally accepted that dietary garlic supplementation inhibits the hepatic activities of lipogenic and cholestrogenic enzymes in chickens (Qureshi et al., 1983) , pigs (Qureshi et al., 1987) and rats (Mathew et al., 2004) . In agreement with the present results, Tollba and Hassan (2003) studied the effect of feeding garlic-containing diets on the physiological performance of broiler chicks and observed significant increases in plasma total protein and albumin in response to feeding the garlic-containing diets. Similarly, significant reductions in blood plasma concentrations of glucose and triglycerides were observed in broiler chicks (Al-Homidan, 2005) and Japanese quail (Khalil et al., 2007) in response to feeding garlic-supplemented diets compared with their control birds. The present results are in accordance also with the findings obtained by Prasad et al. (2009) , who found that blood plasma total cholesterol, triglycerides, low density lipoprotein and very low density lipoprotein were significantly decreased, while high density lipoprotein was significantly increased by garlic supplementation in broiler chickens in comparison to the control group. In addition, Choi et al. (2010) indicated that dietary garlic powder significantly decreased total and low-density lipoprotein cholesterol and increased high-density lipoprotein cholesterol in broiler blood.
On the other hand, the hypocholesterolemic and antilipidemic effects of thyme on blood parameters have been supposed to be exerted through inhibiting the activity of β-hydroxy-β-methylglutaryl-CoA reductase (the ratelimiting enzyme in cholesterol synthesis), decreasing fat absorption from the gastrointestinal tract or via lipid catabolism for gluconeogenesis (El-Ghousein and Al-Beitawi (2009) . Several reports appeared in scientific literature which have confirmed the hypocholesterolemic and antilipidemic effects of thyme in poultry (e.g. Toghyani et al., 2010; Dahal and Farran, 2011) . Other investigators failed to find any beneficial effects of thyme on the cholesterol level in birds (for example, Sengül et al. (2008) . The current results agree also with the findings of Rostami et al. (2012) , who found that supplemental dietary thyme significantly decreased blood serum levels of triglycerides and total cholesterol in Japanese quail. Similar results were also obtained by Khaksar et al. (2012) , who reported that Japanese quail fed thyme essential oil-supplemented diet exhibited significantly lower levels of serum glucose, triglycerides and total cholesterol compared with the control birds. However, Sengül et al. (2008) reported that levels of blood plasma cholesterol, triglycerides, high density lipoprotein, very low density lipoprotein were not affected by feeding thyme extracts-containing diets compared with the control group.
Conclusion
Taking the economical aspect into account, the obtained results indicated that dietary supplementation with dried garlic (up to 2%) and dried thyme (up to 1.5%) can exert a beneficial effect on the performance of Japanese quail under the conditions of the present study. : Denotes to total protein, albumin, glucose, triglycerides, total cholesterol, high density lipoprotein-cholesterol, low density lipoprotein-cholesterol, aspartate aminotransferase and alanine aminotransferase, respectively. ¶ : Standard error of the means. NS: Not significant; **: Significant at P≤0.01. Tollba A.A.H and M.S.H. Hassan (2003) . Using some natural additives to improve physiological and productive performance of broiler chicks under high temperature conditions. 2. black cumin (Nigella sativa) or garlic (Allium sativum). Egyptian Poultry Science, 23 (II): 327-340. Trinder, P. (1969) . Determination of glucose in blood using glucose oxidase with an alternative oxygen acceptor. Annals of Clinical Biochemistry, 6: 24-27. Zeweil, H.S. (2003) . Effect of spices as feed additives on the performance and egg quality of Japanese quail. In: proceedings of the 65 th Scientific Conference of Polish Animal Production Society, 9-12 September.
